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abstract :^z:0%\ 

Detection of viral RN A by polymerase chain reaction 
(PGR) requires the prior reverse tr^^rt^^ 
viral RNA. In order to minimise the number of manual 
manipulations required for processing large numbers 
of samples, we attempted to design a system whereby 
'all the reagents required for both reverse transcription 
and amplification can be added to one tul» ;^ § 
single; non-interupted thermal cycling program ^ 
performed. Whilst attempting to set up iubh a one-tube < 
system with , Taq polymerase .(Taq; : Biotech 
International) and avian myoblastosis virus (AM>0 
: reverse transcriptase (RT), we noticed a sustantial : 
; decrease in the sensitivity of detection of viral RNAV 
Investigation of this phenomenon has reveali^iHi^ ^ 
interference of RT with Taq polymerase. Evidence 
supporting this' conclusion includes; the following 
observations: (1) increasing ttic> ratio of Toq^^T ^ 
improves sensitivity; (2) adding non-homologous RNA >\ 
improves sensitivity; (3) RT that has b«n^fieat 
inactivated prior to Taq addition Tdaes not exert this 
effect; (4) the effect is not sequence restritf^^^^ 
Mg2 + ions are not sequestered by RT, In addition, the 
effect is not limited to AMV RT, Moloney murine 
leukaemia virus RT also affects Taq activity: 

INTRODUCTION J;,.;Tv*5 \ 

Since its first description by Saiki in ^^(p. the poiymerasfe 
*■ chain reaction (PCR) has revolutionised the methodology of gene 
manipulation. The ability to amplify a specific region of DNA 
defined by a chosen set of oligonucleotide primers over a billion 
fold by repeated cycles of heat denaturation of DNA, annealing 
of the primers, and extension of the annealed primers by a DNA 
polymerase has had a significant impact on the area of nucleic 
acid detection. This effect has been most pronounced in the years 
since a thermostable DNA polymerase isolated from the 
thermophilic bacterium Thermus aquaticus was applied to PCR 
in 1988 (2). 

One area where PCR has shown great value is the detection 
of viral pathogens, particularly those for which culture is difficult 
or serologically based detection systems are inadequate. PCR has 
the advantages of being fester, more sensitive and more specific. 
It has been used successfully to detect a range of viruses . 
including both DNA viruses (e.g. Hepatitis B virus, papillo- 
mavirus) and RNA vinises (e.g. rotavirus, measles, influenza. 
Dengue and HIV-1), although RNA viruses must fW be reverse 



transcrjbed;yo cpNA;', since PCR can ; only$a^ 
s^Uences 10).. ^ V '^'■Y^^$&^M ! fi$ l 
We intend to apply PCR to detect Ross River vfas {RRVV in- * 
mosquitoes. RRV is a mosquito borne alphavirus that is the 
etiological agent of epidemic polyarthritis. A surveillance 
"'. program currently exists in which mosquitos ^:^trjp^|aip^ 



^Rl^pqfe^ 
quantities '.of^nio^itbs^o be processed, trjenu^ 
manipulations i of samples for PCR must be ininimi^ 
to be of j^ibwfrt^ To this end, we attempted to devise a^s|^>^ 
by which iiip ^ reverse]transcription of ^R]^ ftNA^ 
amplificatiprt of a 549 bp fragment by PCR could occur in fhr ^ 
same, Veactipn tube, in a single, non -interrupted^ 
progrjim ^iffiojut/'the;;^!^ of extraur^e^ts ^ 
pro^urel n f ? ; ■ ^-,. :r \0- . :A-'S\^y^'ifM^ 

Standard- practice , for assessing the vajus? 'of ^R;im|^in^ ;: g, 
dete^ion ri^to deferrnln^ the sensitivity leve).^is K 
by le&tihg Serial dilutions of known virus load in th^jROl^t^^ r ^ 

We initialiy found tiiat reverse transcrip^o^ 
(RT-PCR) in a one tube system was only successful if a relatively? 
large amount of viral RNA was present. More interestingly, the ■ 
positive control (plasmid DNA of a cDNA dorie of the virus) $ 
failed to be amplified in the RT-PCR reaction, even though it 
was amplified successfully in the normal PCR reaction: ; ; 

In this paper we describe an investigation of this phenoinenon,, ,\ 
which yielded the conclusion that reverse tmscriptese canj 
directly inhibit Taq polymerase activity,, and ,the measures. \, 
required to counter the inhibitory effect of reverse transcriptase. 

MATERIALS AND METHODS 

Enzymes 

Taq polymerase was obtained from Biotech International Ltd.. 
and supplied in a buffer containing 50% glycerol, 300 mM KCL 
1 mg/mL BSA, 0.4% Triton X-100, 1 mM 0 mercaptoethanol, 
1 mM EDTA, 20 mM Tris pH 7.6. Avian myeloblastosis virus 
(AMV) reverse transcriptase (RT) was obtained from Promega 
Corporation in buffer containing 50% glycerol, 100 mM K : P0 4 
pH 7.2, 0.2% Triton X-100, 2 mM dilhiothrcitol. 

Synthetic oligonucleotides 

The sequences of the two RRV isolates in GenBank were 
compared on computer using the IB1 Pustell DNA Sequence 
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Analysis programme to identify conserved regions, upon which 
the PCR piimers were based. Oligonucleotides were synthesized 
on an Applied Biosystems 380B DNA synthesizer, ^protected 
and purified by Oligonucleotide Purification Cartridge (OPC, 
Applied Biosystems) treatment. The sequences of the two 
oligonucleotide primers are: RRV1449S; 5 -TCC GCC CAA 
ATA GGT CTG GA-3\ RRV 1979C; 5-TGT CAT GGC TGG 
TAA CGG C A-3' . These hybridise to the E2 region of the viral 
genome} and.yield a-549 bp product. 

Viral RNA preparation 

Virus w^ro^ cytopathic effect was 

evident (approximately 36 hours post-infection). Cell debris was 
removed by centrifugation arid virus precipitated from the 
supernatant with 7% jwlyemyleneglycol 6000. Virus w^ 
collected by centrifugation, purified by sedimentation through 
a ' '-iO'^W?: siicrbW gradient and "concentrated by 
ultracqi^ Was: purified by Proteinase K 

treatment of virus, ifoliowed by two phenol chloroform extractions 
and ethanol precipitation. 



i of the viral RNA 
' 38 follows. Each 

^ioW^luUpns/2 of each primer^ 100 >M of each of 
11tn¥ *f6ur r deoxymiieotide; triphosphates (Plwrmacia vLKB 
^$ot^ >M Mgq 2 f i xreactibn buffer 

^tohfeg ^ 8.8, 17 niM (NH4hS0 4 , 1 mM 

Zflm^^S^M^ EDTA, 0/2 mg/niL gelatin (Biotech 
International Lid.,*. Australia), 2 UTaq polymerase and 14 U 



-.J mcul^ Thermal Cycle 

fording to m^lowing protocol af 42°€K(tb allow 

^everse^ °4 b C (de^aturatioh^bf DNA), 

! ^n^^ cycles ^ for 1 niiri; 60°C for 1 min (primer 
■^ahneaiinf ten^^n^rcf aiid 72°C for 2 rftirt (primer extension), 
y^nVfin^iy.'7 min at 72 to C. Conditions that were subsequently 
^teretl wi^lh^^pn^ntfahons of Taq polymerase and RT, and 
^ttea&ti^ 

Agarose gel electrophoresis - ~ 

' Subseql^iii to PCR; . 5 ji\ of each PGR product was subjected 
to ele^rophorisis through a 1 % agarose gel in Tris-borate buffer, 
* stained with ethidium bromide, and viewed and photographed 
under UV light. 



RESULTS 

Sensitivity of RT-PCR 

RRV RNA was added to the RT-PCR reaction in ten fold 
dilutions from 200 ng to 20 pg of RNA per reaction. As positive 
controls, 100 pg of plasmid DNA of a cDNA clone of the E2 
region were used in two reactions, one with and one without RT. 
RT-PCR was performed as described, using 14 U AMV-RT and 
2 U Taq polymerase. We found that the RT-PCR reactions 
containing 200 ng and 20 ng of RRV RNA produced the expected 
549 bp product, as did the DNA positive control without the RT, 
but the DNA positive control containing RT did not produce any 
amplification product. As the only difference between the two 



positive controls was the addition of RT, this indicated that RT 
interfered with the amplification of DNA by Taq polymerase. 

Effect of RT on Taq polymerase 

In order to determine whether this effect was due to direct action 
of RT on Taq polymerase, or whether it was due to competition 
between the two enzymes for vital reaction components, 
experiment were performed to determine at what stage RT 
exerted its inhibitory effect. 

To examine wheWer RT affected Taq jpolymerase directfy, 14 
U of (RT ahd? U of -Taq polymerase were incubated for 1 hour 
at 42°C (simulating their exposure time in the normal reverse 
inscription step^of ftT^PCR), and then RT w^ inactivated by 
heating tKermx to ^° for!* rhin. The enzyme mix was then : 
adde^ to;"^ (including 
plasinid bM as target sequence) and PGR performed. This did 
not yiejd-^^^^ die RT had 

..incapaci^ - 

When m#RT^s"heatt inkrtivated prior to incubation for one 
hour with Taq polymerase before PCR, the PCR was successful 
indicating that only non-heat-denatured RT can incapacitate Taq 

polyftei^ "' ' .-.\ 

Hence the t inlubjuon ^, ^T^ i^lymerase activity is a direct effect 
- of RC^^^^I^^^^ by-active.ftT. ,; 

Todeteto °? e 
pr^^hce of ; afiy Rlf^ali ^ we men altered the proportions of 

' ^ the t^en^^ . *\ [ 

^ formed containing 

2 U of Taq j^lymerase; ahd 5, 4, J 3, 2, 1, 0.5 and 0 U of RT 

res^iyeiy;^ 

orlessibfti^ inching band brightness 

(and henctvpr^iia 'fem as . 

the^n%&^ ^igur^^!^. -. e; ; , t y 

7 tfRT^^ Reactions 
cbri%mirl£5i&^ were successful, also 

showing more product formation as Taq polymerase 
contentrat^n-lricr^sed^ v? , ...;.*: , ^ v 

Thes^ re^ti6ns)showimat/Rt is able to block Taq polymerase 
activity' if ttie ^RTifaq polymerase ratio is greater than 
approximately 3:2, i and >the inhibition decreases as RT 
concentrato dependence on molar ratios 

suggests a : direct kbleeular intention between the two enzymes. 

General effect 

The inhibition was shown to be a general effect by substitution 
of various components of the RT-PCR reaction. Moloney murine 
leukaemia virus RT (M-MLV RT) was shown to inhibit Taq 
polymerase when substituted for AMV-RT, hence both RTs can 
inhibit Taq polymerase. Taq polymerase acquired from a different 
supplier (Perkin Elmer Cetus : Amplitaq) was also inhibited by 
both AMV and M-MLV RT. The effect appears not to be 
sequence restricted, since amplification of a cDNA clone of 
Murray Valley encephalitis virus (MVE) using MVE specific 
primers was also inhibited by addition of RT. 

Addition of RNA 

In the original experiment, the RT-PCR reactions containing the 
two highest RRV RNA concentrations were successful. This 
suggested that if the RNA concentration was high enough, RT 
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would bind to the RN A rather then interfere with Taq polymerase. 
To confirm this, four RT-PCR reactions were performed using 
14 U RT, 2 U Taq polymesase, DNA as target sequence, and 
adding 0, 0.2 /eg, 2 /tg or 20 of yeast tRNA respectively 
We found that addition of 0.2 jig or greater of yeast tRNA 
allowed amplification of DNA which would not occur using these 
levels of RT and Taq polymerase without additional tRNA. 

Addition of extra tRNA also increased the sensitivity of 
detection ?of viral RN A: By altering RT and Taq polymerase levels 
to 2;U*/f&q M |ralymerase / and 0.5 U RT we were able to detect 
a lti^ s: -dAuttoWofi* viral RNA (i.e. 2 pg). By addition of 2 /*g 
yeast tRN>\ jtd the reaction, the sensitivity was increased 100 fold 
(i.e. 20^^^ ^ 

* ;\^;%^ ■ 

MgCI 2 cpneentration; i . ? .'7/',; ■ ■ : - '; •' ' 
Tor deterfej tie 1 v^Hethef the ; inh ibition wis" affected- by MgCl 2 
levels^w&^ of 
2;; optimum MgCl : 

concenTrations for Taq ^lymerase (2 mM) and RT (6-7 m'M)" 
None of these reactions yielded amplification product, hence 
magnesium levels do not affect the inhibition of Taq polymerase 

Effect vqT RT on other reaction component .... A . ... 

';To;dete'^ine' > wJbeU^r^y\of ^n>e omer;reaction components were 
\ a^ctecTby^Rtri the^cjmponients were incubated separately with 
RP fb^lJlT^ RT^aslnactrvatetfe b£ Proteinase 

K ^e$^ 'at 955 to" inactivate 

tfie'Rro^ 

; forfcRwere^ wasf performed . Ampl ification 




was successful in all cases, indicating that RT dees not inhibit 
Taq polymerase indirectly by affecting other reaction 
components, i.e. primers, target sequence, MgCI 2 , components 
in the reaction buffer. 

When similar reactions were performed using heat inactivation 
of RT rather than Proteinase K digestion, the PCR was successful 
if the RT was incubated with the reaction buffer and nucleotides, 
however no amplification product was obtained if the RT was 
incubated with primers or target DNA or MgCI 2 . This indicates 
that active RT is still present to inhibit the Taq polymerase, and 
hence that these reactants possibly reduce the susceptibility of 
RT to ^eatpinaetiv^ of these components is 

involved:dh^bindingSto^ R$^they may change the enzyme 
conformation; and hence r^ender it less susceptible to, heat 
inactiyatiprfe^ft V i( \- t : ■ » ■ 

In this paper haveliescribekl a systematic investigation which 
shows that Tan polymerase activity can be inhibited in the 
presence of reverse transcriptase. This inhibition is caused by 
a direcvaction of RT ^nf Taq polymerase. 

The . degree t of; Taq polymerase inhibition increases with 
increasingRTC 

Taq pqlyj^ a ratio of 

/apprpri^^ 

Other researchers; may have 

by ejttier, using '4[\^f^P}R^ : : ; Taq polymerase; ratio in RT T PCR, 
or perfprmi^ diluting this 

befbi^?adclihg^p >?:\* ■ ;^ v /- ; , ■ ^ v . 

This reliance on molar ratios suggests an interaction between 
the two eiizymes ata molecular/ level , which may take the form 
" "' 1 ' ^ ; to 

sctively 





Figure 1. RT-PCR of Ross River Vitus cDNA. Reaction mixes for lanes I to 
7 contain 2 units of Taq polymerase each, and 5. 4. 3. 2. 1. 0.5 and 0 units 
of reverse transcriptase respectively. Lane 8 contains molecular weight marker. 



Inactivate^! 
prbt6cpjs;in w^^ 
transcript ion has taken piace and tneRT inactivated or removed 
will hot sh6y|yrihi^ 

once active; Taq 
polymerase rjecomes perrnanently incapacitated. The inhibition 
of Taq pplymerr ^ : u '■ |L> - — ti- ' ^ 
inactivation ^ 

The addition] of extra n^n-homdlogous 
reaction has ; the efn^t^'f Ide^reasing the~ inhibition of Taq 
polymerase by RT. This is possibly due to the RNA providing 
an alternative binding substrate for the RT. Viral RNA that has 
been prepared by extraction of total RNA from infected cells or 
tissue will not show such limited sensitivity in an RT-PCR 
detection system, since extra RNA is already present. Other 
studies using purified viral RNA in an RT-PCR reaction have 
been reported which have lower than expected sensitivity (6. 1 1 ). 
Addition of extra non-homologous RNA may improve this. 

RT-PCR has in most cases been reported to be 1000-fold or 
more sensitive than other viral detection systems such as 
hybridisation. ELISA, or tissue culture. Hpwever the theoretically 
possible detection of one viral genome by RT-PCR remains 
elusive, and this may in part be due to the inhibition of Taq 
polymerase by RT. Measures to counter this effect need to be 
taken especially in situations where the number of genome copies 
is likelv to be very low. such as detection of viral pathogens in 
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water supplies or sewage. We have found that the optimum RT- 
PCR conditions for the detection of viral RN A are the use of 
0.5 U RT, 2 U Taq polymerase and the inclusion of 2 pg yeast 
tRNA. This combination allows the ease and practicality of 
combining reverse transcription and PCR in one reaction tube 
without interruption, while minimising the inhibitory effect of 
RT on Taq polymerase. 

ACKNOWLEDGEMENT ^'j- 

This work was supported by the Australian Research Grants 

REFERENCES 

^ t. Saii ■ Scharf, S., Faloona, ft, MuHis. K3 cHom, at^firikh^H i^l 
^^^ik 'N:-:(1985) Science 230,* 1350 -J354 }. > : [ : ;^ ,, . : ■ 

i 2. $aild, R,K, Gelfand, D.H., StorTel, S;; iScfmrfe ^J;; Hi^ch^RW Horfl:; ; 
Git.; Mullis, K.B., Eriich, H.A/(1988) 48/^491 f r 

3. Larzul, D., Guigue. ft, Sninsky, J J., Mack, D.H., Brechot, C., Guesdoii, 
J.L. (1988)7. Virol. Meths. 20, 227-237 

4. Baker, B.L., Bisceglie. A.M., Kaneko, S., Miller, R., Feinstone, S.M., 
- r Waggoner, J.G., Hoornagle, J.Hi (199 1 ) Hepatology 13; >632jr636 . . | 
• / 5. v Shibata, D.K., Arnheim, N., Martin. WJ. (I9fc) / £^1 Med. 167, 

. ^; .^5-230,^,,.,, . ,;i .^V^v^^V .•■•*> J--'- - ■ 

^^^t^•7^t^/M;S > Msner; d;M;V«w^ 





1 




